Introduction
Vascular endothelial growth factor (VEGF), which is secreted from cancer cells, is unique among angiogenic factors as it is mitogenic for vascular endothelial cells. VEGFA, VEGFB, VEGFC, VEGFD (or FIGF), and placental growth factor belong to this family of structurally related molecules. VEGF-A, which is also called VEGF, exists in five different isoforms of 121, 145, 165, 189, and 206 amino acids (1) . VEGF-121 and VEGF-165 isoforms are the principal mediators of tumor angiogenesis (1) . These isoforms mainly act through VEGF receptor 2 (VEGFR2). Although VEGF has much more affinity toward VEGFR1, the signaling properties are weaker (2) . The role of VEGFR1 in VEGF-mediated angiogenesis is not clear.
It is well known that VEGF expression is increased in differentiated thyroid carcinomas (DTC) compared with normal thyroid gland or benign thyroid lesions (3) (4) (5) (6) . VEGF mRNA and protein expression were found to be increased in metastatic thyroid tumors when compared with their expression in primary thyroid cancer lesions. Serum VEGF levels were also found to be increased in patients with metastatic thyroid cancer (3, 4, 7) .
The regulation of VEGFC production in thyroid cancer cells is poorly understood. Hypoxia, low pH, inflammatory cytokines such as IL6, growth factors, sex hormones, and chemokines may increase VEGF production (2) . A study in the thyroid cancer cell line demonstrated that VEGF production may be increased by insulin-like growth factor 1 (IGF1) via activatory protein 1 (AP1) and hypoxia-inducible factor 1a (HIF1a) (8) . Geldanamycin, which is required for the function of kinases such as IGF1 receptor (IGF1R) and Akt, decreased the basal and IGF1-dependent VEGF production by blocking the effect of Hsp90 (8) .
The aim of this study is to examine the expressions and serum levels of VEGF, VEGFR1, IGF1, and IGF1R in patients with DTC and their prognostic significance.
Materials and methods
Thirty-nine patients with DTC and 25 patients with nodular goiter (NG) as the control group, who were followed up in the Department of Endocrinology, Erciyes University Medical School, were retrospectively studied. Patients with multinodular goiter had total thyroidectomy with confirmed pathological diagnosis. Patients with DTC had a history of thyroid cancer of at least 2 years. The time of DTC diagnosis, data regarding the pathological examination of thyroidectomy specimens, and the treatment histories were reviewed. All patients with thyroid carcinoma had total thyroidectomy and radioactive iodine for remnant thyroid ablation. Prophylactic central lymph node dissection was not a routine procedure in the years patients were operated on. Clinical evalution was carried out in the last 3 months before enrolling the patients into the study. The evaluation consisted of measurement of serum thyroglobulin (Tg), anti-Tg antibody, and neck ultrasonography (USG) in the last 3 months. The last TSH-stimulated Tg and 131 I scanning of the patients were recorded. Patients with a negative neck USG, undetectable serum Tg levels under TSH stimulation, and a negative 131 I scan were assumed to be in remission whereas patients with increased Tg or positive neck USG or distant metastasis were assumed to have active disease.
The serum samples for the measurement of VEGF, VEGFR1, and IGF1 were obtained from patients at the time of evaluation. Since the study was retrospectively designed, all patients with NG had had total thyroidectomy and all patients with thyroid cancer had had thyroidectomy and radioactive iodine prior to serum sampling. Pathological examinations of thyroidectomy materials were reviewed and the size of the tumor, multicentricity, the presence of lymph node metastasis, lymphatic, vascular, capsule, and the surrounding tissue invasion were noted.
The study was approved by the ethics committee of Erciyes University and the patients were given informed consent.
Measurement of serum cytokine levels
Serum VEGF and VEGFR1 levels were measured with the ELISA method with commercially available human VEGF (Invitrogen) and human VEGFR1 BMS268/2 and BMS268/2TEN (Bender MedSystems, Vienna, Austria) kits according to the instructions of the manufacturer. The VEGFR1 measured was soluble VEGFR1. The VEGF levels were recorded as pg/ml and the VEGFR1 levels were recorded as ng/ml. The serum samples were kept at K80 8C in a refrigerator until analysis.
Serum IGF1 levels were measured with a two-sided IRMA, non-extraction active IGF1 IRMA DSL-2800 (Diagnostic System Laboratories, TX, USA). The lower detection limit for IGF1 was 2.06 ng/ml with intra-assay coefficients of variation (CV) ranging from 3.9 to 7% and inter-assay CV values ranging from 3.8 to 7.4.
Immunohistochemical analysis
The expressions of VEGF, VEGFR1, IGF1, and IGF1R were examined in the paraffin sections of thyroidectomy material of patients with DTC and NG. Formalin-fixed paraffin wax-embedded sections were cut at w5 mm and floated onto slides. Sections were dewaxed, rehydrated, and placed in antigen retrieval solution and heated in a microwave for 10 min at a power of 50%. The primary antibody was applied following 3% H 2 O 2 application and washing. After the incubation of the primary antibodies (1 h in 1/150 dilution for VEGF Ab-7, 1/25 dilution for VEGFR1 Ab1, 1/50 dilution for IGF1 and IGF1R Ab) biotin, streptavidin, and chromogen incubations were carried out respectively. Sections were counterstained with Mayer's hematoxylin.
The antibodies used were polyclonal mouse VEGFAb-7 (Clone VG1) (Lab Vision Corporation, Cheshire, UK), which recognized the 121, 165, and 189 isoforms of VEGF, rabbit polyclonal VEGFR1 Ab1 (Lab Vision Corporation), rabbit polyclonal IGF1 (H-70), sc-9013 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) antibody against the 49-118th amino acids of IGF1 and monoclonal mouse IGF1R antibody (SPM138) (Gene Tex, San Antonio, TX, USA). Angiosarcoma for VEGF and VEGFR1, renal carcinoma for IGF1, and breast carcinoma for IGF1R were used as positive controls.
Scoring of immunohistochemical analysis
Scoring of the immunohistochemical analysis was determined by an experienced pathologist (F O) with the previously described methods (4, 9) . The immunohistochemical analysis was carried out in tumor tissue. The areas were devoid of thyroiditis, nodule, or normal thyroid tissue. The cytoplasm of thyrocytes labeled with the antibodies was evaluated. Examples of scoring are shown in Figs 1 and 2. The VEGF and VEGFR1 immunostaining scores were calculated by the sum of the percentage of the labeled thyrocytes (0: no staining; 1: !30% of thyrocytes; 2: 30-60% of thyrocytes; 3: more than 60% of thyrocytes) and the intensity scores (0: absent; 1: weak; 2: mild; and 3: strong). The IGF1 and IGF1R immunostainings were quantified as grade 0: no staining; grade 1: mild; grade 2: moderate; grade 3: intense staining.
Blood vessel content (anti-CD31) was examined in three small groups of patients with i) DTC with the highest expression of both VEGF and VEGFR1 (nZ4 with total scores of 6 for both); ii) DTC with the lowest expression of both VEGF and VEGFR (nZ3); and iii) NG (nZ7). CD31 expression was calculated by the cells counted in !20 magnification in three fields.
Statistical analysis
All statistical analyses were carried out by Statistical Package for Social Sciences (SPSS for Windows, version 11; Chicago, IL, USA). The continuous data were presented as meanGS.D. Normal distribution of the data was tested by the Kolmogorov-Smirnov Z test. Student's t-test was used for comparison of the variables that were normally distributed. The immunostaining scores were compared with the Mann-Whitney U test. The correlations of the immunostaining scores were tested with Spearman correlation analysis. An ANCOVA was used for the comparison of age-adjusted values of IGF1 levels. A P value of !0.05 was considered as statistically significant.
Results
Patients with DTC consisted of 35 (89.8%) women and 4 men (10.2%) with an age range between 22 and 78 (mean: 45.62G11.37). Patients with NG consisted of 23 (92%) women and 2 men (8%) with an age range of 26-69 (mean: 46.76G11.28). There were no statistically significant differences between patients with DTC and NG in terms of age and sex distribution.
The investigations were carried out in a mean time of 44G38 months after the diagnosis.
The histopathological diagnoses of patients were papillary carcinoma in 30, follicular variant of papillary carcinoma in 6, oncocytic variant in 1, and follicular carcinoma in 2 patients. The pathological features of the patients are summarized in Table 1 . The mean serum TSH, Tg, and anti-Tg antibody levels were 0.68G1.11 IU/ml (normal reference range: 0.35-5.06), 0.98G2.97 ng/ml (normal reference range: 1.6-60), and 10.6G8.46 IU/ml (normal reference range: 10-115) respectively.
No statistically significant difference was detected in the serum VEGF levels between the two groups (mean values: 313.4G196 and 288.8G174 pg/ml in patients with NG and DTC respectively). The VEGFR1 serum levels were below the detection limit of the assay used in all cases (!0.16 ng/ml). The serum VEGF levels were found to be positively correlated with the immunostaining scores of VEGF (PZ0.006, rZ0.43), VEGFR1 (PZ0.002, rZ0.37), and IGF1R (PZ0.03, rZ0.35) in patients with thyroid carcinoma.
Thirty-three (84.6%) of the patients were in remission, five (12.8%) of them had lymph node metastasis, and one (2.6%) had distant metastasis at the time of enrollment. The serum VEGF levels in the patients with local or distant recurrences were found to be higher than in the patients in remission ( Table 2 ). None of the female patients were pregnant or had undergone ovulation induction that could affect the VEGF levels measured at the time of evaluation. The serum IGF1 levels were similar in patients with DTC and NG. Those patients with local or distant recurrence of DTC tended to have lower serum IGF1 levels, but the age-adjusted ANCOVA did not reveal any statistical significance.
The immunohistochemical staining properties of the patients are summarized in Table 3 . The VEGF, VEGFR1, IGF1, and IGF1R immunostaining scores of patients with DTC were found to be significantly higher than those of patients with NG (P!0.001). We found positive correlations between VEGF and IGF1 scores in patients with NG and all immunostaining scores in patients with DTC (Table 4) . When the patients with DTC were subgrouped according to the presence of multicentricity, tumor capsule invasion, and lymph node metastasis, all of the immunostaining scores were similar, however, the mean VEGFR1 immunostaining score was found to be higher in patients with lymph node metastasis at first presentation (Table 5) .
Although the expression of CD31 was found to be higher in DTC patients with a low expression of VEGF and VEGFR1 (249G206) than in patients with NG (141G81) it was not statistically significant (PZ0.48). CD31 expression was found to be significantly higher in patients with a high expression of VEGF and VEGFR1 (348G160) than in patients with NG (PZ0.024). Finally, the expression of CD31 was found to be higher in DTC patients with a high expression of VEGF and VEGFR1 than in patients with a low expression, but it was not statistically significant (PZ0.42). The correlation analysis revealed a positive correlation between CD31 and VEGF expression (PZ0.012, rZ0.649), but not with CD31 and VEGFR1 expression.
Discussion
VEGF, which is produced from neoplastic cells, plays an important role in the neovascularization of tumors. The expression of VEGF in thyroid carcinoma has been previously demonstrated by in vitro and in vivo studies (3, 4, 6, 10) . Its expression is not only increased in thyroid tumors, but is also thought to have prognostic significance. The risk of recurrence and metastasis was shown to be increased with increased expression of VEGF (3, 4, 11, 12) .
Kilicarslan et al. (13) demonstrated increased immunohistochemical expression of VEGF and microvascular density in 12 recurrent/metastatic and 36 nonrecurrent papillary thyroid cancer cases compared to the normal thyroid gland. They also found increased expression of VEGF in metastatic and recurrent disease. The expression of VEGF is known to be related to the tumor size in DTC in children and young adults, but the finding has not been confirmed by the studies carried out in adults (11, 13, 14) . Although not related to tumor size, the immunohistochemical expression of VEGF is thought to be important in predicting the presence of lymph node and distant metastasis and disease-free survival in DTC (11) (12) (13) . However, there is also a study that did not reveal the prognostic significance of VEGF expression in patients with thyroid carcinoma (15) .
In this study, the expression of VEGF was shown to be higher in patients with DTC than in those with NG, but it was not found to be related to tumor size, capsule invasion, lymph node metastasis, or progression-free survival. Although patients with a history of DTC of at least 2 years were included in this study, the retrospective design of the study may have been a limiting factor for the uniformity of the follow-up period.
The coexpression of VEGF and its receptors was found to be higher in classical papillary thyroid cancer than in the follicular variant and it is related to lymphatic dissemination (16) . The effect of VEGF through VEGFR-2 is well known, but that of VEGFR1 is not clear. This study showed that VEGF and VEGFR1 expressions are correlated in thyroid tumor tissue. Although the expression of VEGF was not related to histopathological features of tumors, the VEGFR1 expression was found to be increased in patients with lymph node metastasis at the time of diagnosis. However, neither the expression of VEGF nor of VEGFR1 had any impact on progressionfree survival. Although the expression of CD31 was found to be highest in DTC patients with a high expression of VEGF and VEGFR1, lower in DTC patients with a low expression of VEGF and VEGFR1, and lowest in patients with NG, the differences were not found to be statistically significant except between DTC patients with a higher expression of VEGF and VEGFR1 and patients with NG. Perhaps the small number of patients was the reason for this statistical insignificance, but unfortunately we were only able to study CD31 expression in a limited number of patients who were thought to be the most representative. However, the correlation analysis revealed a positive correlation between CD31 and VEGF expression (PZ0.012, rZ0.649), but not with CD31 and VEGFR1 expression. Further studies with a larger number of cases are warranted.
The principal means of dissemination of papillary cancer is primarily via the lymphatic system (17) . VEGF-C and VEGF-D have previously been shown to be related to lymph node metastasis in patients with DTC (18) (19) (20) (21) . Although lymphangiogenesis is thought to be mediated by VEGFR-3, this study demonstrated a relation between the expression of VEGFR1 and lymph node metastasis in DTC. For the first time, not only VEGFR-3 but also VEGFR1 expression was demonstrated to be related to the lymphatic metastasis of DTC at the time of diagnosis. Therefore, anti-VEGFR agents may have therapeutic potential in such patients.
Studies in thyroid cell lines revealed increased mitogenic effects of TSH in the presence of physiological concentrations of insulin and IGF1 (22, 23) . IGF1 and IGF1R are known to be expressed in thyroid cancer (24, 25) . IGF1R concentration was found to be twice in DTC compared to that of the normal thyroid (26) . The clinical importance of IGF1 and IGF1R is not clear although they are known to be expressed in thyroid cancer cells. IGF1 was found to have increased expression in papillary thyroid cancer without a significant effect on clinical progression (27, 28) . IGF1R expression is not only related to transformation, but also to tumor size and aggressive clinical behavior in adult patients with DTC (29, 30). Gydee et al. (9) demonstrated that IGF1 and its receptor were expressed in tumor tissue in 23 children and adolescents with papillary and 6 with follicular cancer, and the increased expression of IGF1R was related to more aggressive behavior of the tumor. This study revealed higher expressions of IGF1 and IGF1R in patients with DTC than in patients with NG, but we did not find any relation with the histopathological features or progression-free survival of the patients. Poulaki et al. (8) demonstrated the stimulation of VEGF expression by IGF1 through the phosphatidylinositol-3-kinase pathway by activating HIF1a and AP1. In addition to higher levels of IGF1 expression in patients with DTC than in patients with NG, the expression of IGF1 was found to be correlated with VEGF expression in both the groups. This study yielded important clinical findings regarding the regulation of VEGF by IGF1 consistent with previous in vitro data. Although the expression of VEGFR1 was found to be correlated with the expression of IGF1 in DTC, the same was not true for patients with NG. Therefore, IGF1 may be one of the inducers of VEGFR1 in patients with DTC.
The role of circulating VEGF in DTC has not been clarified. The preoperative serum levels of VEGF and VEGFC were found to be higher in patients with papillary thyroid cancer than in those with benign thyroid diseases. VEGFC serum levels were found to decrease after thyroidectomy in patients with papillary thyroid cancer, but were unchanged in patients with benign thyroid diseases. Preoperative VEGF-C has been shown to be an independent risk factor for lymph node Table 3 The immunohistochemical staining properties of the patients with differentiated thyroid carcinoma and nodular goiter. (31) . Circulating VEGF has previously been reported to be related to the prognostic factors of papillary thyroid cancer such as tumor size, extrathyroidal extension, lymph node, and distant metastasis (32) (33) (34) . This study included only one patient with distant metastasis at the time of evaluation. Circulating VEGF was found to be higher in recurrent or metastatic patients than in patients with controlled disease during follow-up. Therefore, serum VEGF levels may be a marker showing disease progression. However, it is difficult to determine a cut-off level since the mean circulating VEGF levels were not significantly different in the patients with DTC and NG. Prospective studies evaluating serum VEGF levels and prognosis in patients with DTC are warranted.
Studies investigating circulating VEGFR levels are very limited. Hedayati et al. (35) found higher serum VEGF levels in 35 patients with DTC and follicular neoplasia, who were diagnosed with fine needle aspiration biopsy, than in healthy controls, but the VEGFR concentrations were all low in both patient groups. Circulating VEGFR1 levels were found to be below the detection limit of the assay used in both the groups in this study. The VEGFR1 levels are reported to be undetectable in healthy people in the assay procedure.
Although the patients with lymph node metastasis at the time of diagnosis had higher VEGFR1 expression, it did not seem to have reached measurable levels in the circulation in follow-up. Perhaps the effects may be local. However, since the preoperative VEGFR1 levels were not available, it is difficult to comment on the serum levels in relation to lymph node metastasis at presentation.
Experimental studies have shown significant effects of IGF1 on thyroid growth and goiter (36, 37) . Studies investigating thyroid disorders in acromegaly have yielded important data regarding the effects of GH and IGF1 on the thyroid. Besides vascularity, thyroid volume and nodule formation were demonstrated to be increased in patients with acromegaly parallel to disease activity (38) (39) (40) (41) . The prevalance of thyroid cancer is reported to be increased in patients with acromegaly (41) (42) (43) (44) .
The relationship between serum IGF1 levels and thyroid disorders has been investigated not only in acromegalic patients but also in healthy subjects. IGF1 levels in thyroid tissue were reported to be increased in patients with multinodular goiter compared to healthy individuals (45, 46) . Increased serum IGF1 levels were found to be related to the presence of goiter in both sexes and nodule formation in males in 3662 subjects with no history of thyroid disorder (47) . In this study, IGF1 serum levels were found to be similar in patients with DTC and NG, but patients with progressive thyroid carcinoma tended to have lower IGF1 levels than the non-progressive group, which was attributed to the older age of the patients with progressive disease. The serum IGF1 levels seem to be related neither to the presence nor to the prognosis of DTC.
In conclusion, patients with DTC were shown to have higher expressions of VEGF, VEGFR1, IGF1, and IGF1R than patients with NG. Increased immunohistochemical expression of VEGFR1 may indicate the presence of lymph node metastasis at first diagnosis. Undetectable serum VEGFR1 levels suggest that VEGFR1 activity is local in DTC. Although circulating VEGF was found to be higher in DTC patients with recurrence than in those who were in remission, further prospective studies with serial measurements are required to determine the sensitivity and specificity of VEGF as a tumor marker in DTC. 
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